To establish a model of chronic kidney disease in White New Zealand rabbits, using an exclusive unilateral technique of renal ischemia and reperfusion.
Introduction
Chronic Kidney Disease (CKD) is considered one of the major health problems in the world and a significant cause of morbidity and mortality. According to the last two Brazilian Dialysis Census, published in 2012 and 2014, the number of people on dialysis in Brazil has progressively increasing over the years, with an incidence rate of 149 patients per million person¹ ,2 . CKD is a worldwide epidemy that can be explained by the significant growth of the diabetes mellitus prevalence, cardiovascular disease numbers and the increase of worldwide life expectancy 3 .
The course of CKD is characterized by irreversible, progressive and slow loss of the renal function, which affects diverse systems of the organism, becoming a pathology of difficult approach since the CKD patient may present complications in multiple organs and functions 4 . Thus, the CKD approach requires a wide variety of interventions, which can be difficult to study in human design methodology.
In view of this problem, animal models of CKD by surgical intervention to reproduce its clinical and pathology has been developed, and thus, therapeutic methods tested. There are some protocols in the literature for the development of an animal model of CKD in rats. A two time surgery in which the animal is first subjected to performing ischemia and reperfusion surgery, and after a period ranging from four to 12 weeks, the animal undergo a new surgical procedure to accomplish reduction of renal mass by nephrectomy at different rates 2/3, 4/5, 5/6 5, 6 . This type of surgical technique results in a reduction of animal´s survival and in association with a low volemia of rats jeopardizes the use of this animal model on certain types of experiments, especially methodologic designs requiring long periods of observation. Considering these difficulties, regarding the volemia and survival after experimental induction, it has been proposed, the development of animal models of renal failure in other animal species that can respond more adequately to all necessary procedures.
The White New Zealand rabbit is an alternative in animal models of CKD, as it has the best prospect of drafting technique and survival after CKD induction, besides it offers a therapeutic window of 12 weeks and greater blood volemia compared to rats, which favors the consecutive blood samples for biochemical analysis 7 .
Renal ischemia is the major cause of CKD, triggered by the loss of oxygen supply, nutrients and the removal of wasting products from the renal cells. The tubular epithelium plays a main role in the development of renal deterioration after ischemic injury, especially through cytokines production 8, 9 . There are a lot of states that may generate physiopathological renal ischemia / reperfusion, among them, Hypertension and Diabetes Mellitus, which are the two leading causes of CKD in humans and increasingly prevalent among Brazilian people 10, 11 .
Thus, the aim of this study was to establish a model of CKD in White New Zealand rabbits, using an exclusive unilateral technique of renal ischemia and reperfusion.
Methods
The study was approved by the Animal Use Committee of Mato Grosso do Sul Federal University (UFMS), under # 280 protocols. Twenty male White New Zealand rabbits, weighing 2.5 to 3 kg, sourced from Maringa State University (UEM) were used.
The animals were kept in individual cages in a room with constant ventilation and appropriate temperature, with free access to water and commercial feed.
All animals were subjected to the following procedures:
first pre-surgery blood sample collection, surgery to access the left kidney and ischemia/reperfusion process, second blood collection after 6 weeks post surgery, third blood sample after 11 weeks of post-surgery (pre-euthanasia), euthanasia. The blood samples were used for creatinine and urea serum measurements.
The first blood sample was taken immediately before surgery, after the administration of the following preanesthetic The animals were kept under observation for six weeks after surgery, receiving daily hygiene care, free access to water and commercial feed. At the end of this step, the second blood collection was performed the same way of the first one.
After more five weeks observation, the third and last blood pre-euthanasia collection was taken. The euthanasia was performed by intravenous barbiturate overdose (100mg/kg), followed the withdrawal of the right and left kidneys for histopathology.
The first collection represents normal values for the studied sample, the second and third ones represent the variation of these parameters as a function of time after renal and ischemia/ reperfusion surgical procedure in the left kidney.
After the histopathological material collection, the pieces were immersed in 10% formaldehyde and processed for paraffin blocking (5 cm). Then the pieces cut on microtome at 5 micrometers thickness and stained with hematoxylin and eosin (HE).
A pathologist evaluated the slides using Nikon Eclipse E200 electron microscope and the blades analysis used to establish the presence or absence of renal lesions in both kidneys.
To summarize the data of quantitative variables of urea and creatinine, the mean value and standard deviation were used.
For statistical comparison of the three time-collection of these variables were used the One-way ANOVA for repeated measure with post hoc Tukey test, considering significance statistic set α=5% (p<0.05). Qualitative variables concerning the histopathological analysis were summarized in absolute and relative frequency (%).
Results
A total of twenty rabbits underwent the ischemia and reperfusion surgeries, three of them died throughout the research and were excluded from the final analysis.
The animal model of CKD in White New Zealand rabbits showed good survival and allowed consecutive blood collections without compromising the blood volemia of the animal. In Figure   1 , the change in color of the left kidney after 20 minutes of ischemia during the surgical procedure was observed.
The results for serum creatinine levels showed a gradual increase after surgery, and the values of the 3 rd collection were higher and statistically significant (p<0.05) compared to the 1 st and 2 nd collection (Table 1) . This value demonstrates a decline in glomerular filtration rate over time. 
Discussion
It was observed through this study that the unilateral technique of renal ischemia and reperfusion is feasible, and produces renal lesions compatible with CKD in White New Zealand rabbits.
Some studies conducted to establish an animal model of chronic kidney disease, used the two-surgical-times procedure, i.e., a first surgery is performed to establish the process of renal ischemia by clamping the unilateral renal pedicle and after a period that varied from four to 12 weeks, according to each protocol, a new surgical procedure is performed for the reduction of the renal mass to the contralateral organ that suffered the ischemic procedure [5] [6] [7] .
Santos et al. However, they are difficult to be developed, since it involves twotime-surgery, which can lead to a reduction of the animal survival.
Moreover, the choice of animal model, the Wistar rats, due to their limited size and low blood volemia, impair blood samples for biochemical analyzes and the reduction of animal survival in the post-surgery [5] [6] [7] . Thus, in this experiment we chose to use the White New Zealand rabbits and one surgical time procedure, through the exclusive unilateral technique of renal ischemia and reperfusion.
The choice of the White New Zealand Rabbit for this experiment was due to their better survival after CKD induction, with the possibility of providing a therapeutic window of 12 weeks agreeing with Costa et al. 7 . When considering the life expectancy of a rabbit, around seven to eight years, approximately ten times smaller than human beings, we can assume that the observation interval of 12 weeks is equivalent to two and a half years on anima móbile, which features enough time for CKD installation.
Moreover, they present a higher volemia, compared to the rats, facilitating the samples collections for biochemical analysis. In the present experiment, consecutive blood samples for biochemical analysis were taken, without compromising the lives of animals that remained viable around 11 weeks until euthanasia.
The exclusive unilateral technique of renal ischemia and reperfusion led to a continuous increasing in creatinine levels after the CKD induction. Renal clearance of creatinine has a long history as a marker of GFR. Spanaus et al. 12 During the surgical procedure, to generate ischemia and reperfusion, the left renal pedicle was clamped for 20 minutes.
It was believed that in comparison to the heart and brain, the kidneys could recover completely from an ischemic intervention.
However, this has been occurring with less frequency, recognizing that ischemia/reperfusion (more than 20 minutes) can lead to .
This exclusive unilateral technique of renal ischemia and reperfusion is quite useful for the CKD induction process, as renal ischemia is related to diseases so prevalent in the community, such
as Arterial hypertension and Diabetes Mellitus 19 .
Conclusion
This experiment using an exclusive unilateral technique of renal ischemia and reperfusion, without a second-time surgery for nephrectomy, in White New Zealand rabbits, showed effectiveness in getting an animal model of Chronic Kidney Disease.
